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A unique  experiment  involving  static,  flight,  and  open-jet  testing  of  a  pure- 
tone  acoustic  source  has  been  conducted.  The  objectives  of  the  experiment  were 
( 1 )  to  determine  if  a  4-kHz  tone  radiated  by  a  source  and  mixed  with  broadband  air- 
craft  flyover  noise  could  be  measured on the  ground  with  a  high  degree  of  statis- 
tical  confidence, (2) to determine  how  well  a  comparison  could  be  made  of  a  flight- 
to-static  tone  radiation  pattern  and  a  static  radiation  pattern,  and ( 3 )  to deter- 
mine  if  there  were  any  installation  effects  on  the  radiation  pattern  due to  the 
flight  vehicle.  Narrow-band  acoustic  data  were  measured  with  the  aircraft  flying 
over  a  speed  range  of 50 m/s  to 80 m/s at  a  level  altitude  of 91 m. The  data, 
ensemble  averaged  over  an  array  of  eight  microphones,  have  a  high  statistical  con- 
fidence  and  show  excellent  agreement  when  a  comparison  is  made  of  the  static to  the 
flight-to-static  radiation  pattern.  At  shallow  radiation  angles,  some  undesirable 
effects  of  source  installation  were  observed.  Also  discussed  is  the  data  reduction 
technique  which  was  developed  to  merge  the  measured  radar,  weather,  and  acoustic 
data  and  to  average  and  adjust  the  acoustic  data  for  retarded  time,  spherical 
spreading,  atmospheric  absorption,  ground  impedance,  instrumentation  constraints, 
convective  amplification,  and  Doppler  shift. 
INTRODUCTION 
Over  the  past  decade,  considerable  effort  has  been  made  by  many  investigators to 
understand  the  effect  of  aircraft  motion  on  noise  generation  and  propagation.  The 
basic  aim  has  been  to  achieve  a  sufficient  understanding  of  the  so-called  "flight 
effects" so that  less  expensive  static  tests  could  be  employed  to  accurately  predict 
the  noise  generated  in  flight.  The  major  emphasis  has  been  on  studying  jet  exhaust 
noise  and  turbofan  engine-inlet  noise  (e.g.,  refs. 1 and 2). Major  differences  have 
been  found  to  exist  between  the  static  and  flight  noise  fields.  Unfortunately,  for 
tests  of  these  types,  source  alteration  and  propagation  effects  could  not  be  sorted 
out,  making  any  differences  difficult  to  explain. To study  a  flight  noise  field in 
isolation,  a  simple  noise  source  of  known  strength  needed  to  be  flight  tested. 
There  are  relatively  few  experimental  studies  in  the  literature  involving  simple 
noise  sources  in  motion.  Beran  and  Gething  (ref. 3)  used  a  sailplane  with  a  speaker 
mounted  in  the  wing  to  measure  atmospheric  attenuation  effects. Norm and  Liu 
(ref. 4) used  a  specially  designed  acoustic  driver  system to  represent  an  acoustic 
monopole  which  was  carried on top  of  an  automobile.  Their  experiment  was  conducted 
over  an  asphalt  surface.  They  found  good  agreement  when  comparing  the  static  and 
forward-speed  results  using  a  complex  normal  impedance  which  represented  a  fairly 
hard  acoustic  surface.  Recently,  Hogstedt  and mwder (ref. 5) reported  their  work on 
measuring  aircraft  flyover  noise  propagation.  Part of their  work  consisted  of  study- 
ing  the  feasibility  of  using  an  airborne  reference  noise  source.  One  source,  a 
siren,  was  mounted  beneath  a  light  airplane. A microphone  was  flush  mounted  in the 
siren  throat  to  insure  consistency  of  the  acoustic  source,  and  the  far-field  noise 
was  measured  by  two  ground-board  systems.  Results  showed  the  usefulness of  a  con- 
stant  repeatable  noise  source. 
The  present  tests  were  conducted o study  the  propagation  of  a  pure-tone  source 
at  a  frequency (4  kHz) typical  of  inlet  noise  radiated  by  high-bypass-ratio  turbofan 
engines. A simple  acoustic  source  was  tested  in  three  environments,  above  an  outdoor 
array  of  acoustic  wedges,  in  an  anechoic  flow  facility,  and  flown  under  the  wing  of  a 
modified OV-1B aircraft.  The OV-1B is  the  aircraft  used  in  an  ongoing NASA program 
to study  flight  effects  of  a  turbofan  engine. 
The  objectives  of  the  present  investigation  were to d termine  if  a  flight  noise- 
tone ( 4  kHz) radiation  pattern  could be measured  on  the  ground  with  a  high  level 
of'  statistical  confidence  and  to  determine  how  well  a  comparison  could  be  made 
between  a  flight-to-static  radiation  pattern  and  a  static  radiation  pattern. A 
secondary  objective  was  to  ascertain  if  the  noise  field  was  adversely  affected  by  the 
installation  of  the  acoustic  source  on  the  aircraft.  This  latter  effect  could  be 
significant  if  there  were  reflection  or  scattering  of  the  radiated  sound  field  by  the 
aircraft. 
TEST  DESCRIPTION 
Acoustic  Source 
A cutaway  view  of  the  pure-tone  source  is  presented  in  figure 1. It  consisted 
of  a  high-intensity  acoustic  driver  coupled  to  a  cylindrical  tube  and  encased  in an 
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aerodynamically streamlined fairing. The tube w a s  30.5 cm long and had a 3.5 c m  
inner diameter t o  match t h e  s i z e  of the driver throat. This arrangement w a s  designed 
t o  generate plane waves a t  the driver frequency of 4 kHz. A 0.32-cm microphone was 
f lush  mounted i n  t h e  w a l l  of the tube to  monitor  the source strength, and the end 
( source  ex i t )  was covered with a s ing le  l aye r  of f i be rg la s s  c lo th  t o  inhibi t  unsteady 
aerodynamic f luc tua t ions  from affect ing the acoust ic  source and t o  keep the  dr iver  
and source microphone clean. The c lo th  is between 80 and 90 percent transmissive. 
?my change in the' impedance a t  the cloth terminal  locat ion due t o  flow would  show up 
as a change in  the  s t and ing  wave pa t te rn  ins ide  the  tube. The input  vo l tage  to  the  
dr iver  and the source'microphone response w a s  closely monitored a t  a l l  times t o  
insure constant source strength.  
Outdoor Anechoic Test 
Experiments w e r e  performed at  the outdoor  anechoic  test  apparatus a t  Langley 
Research Center i n  o rde r  t o  ob ta in  the  s ta t ic  rad ia t ion  pa t te rn  a t  the  se lec ted  
source frequency. A photograph  of  the  setup i s  presented  in   f igure 2. The appara- 
tus ,  loca ted  where background noise  leve ls  a re  low, contains a ra i sed  12-m-square 
Anechoic 
wedges 
I J  
Stationary 
I . ?  
' < A  
Traversing 
microphone 7 O P h o n e  
" ?  




Figure 2.- Outdoor anechoic tes t  area. 
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platform which is  covered by anechoic wedges  0.84 m i n  he igh t .  The acoustic source,  
with i ts  l o n g i t u d i n a l  a x i s  p a r a l l e l  t o  t h e  ground, was a t t a c h e d  t o  a support  struc- 
t u r e  2.0 m above t h e  wedges. A continuously traversing mechanism, a t  a radius  of 
4.6 m from the tube exit  plane,  rotated through llOo t o  measure the  des i red  d i rec-  
t i v i t y  p a t t e r n s .  A 1.27-cm condenser-type pressure microphone f i t t e d  w i t h  a gr id  cap 
and a windscreen w a s  mounted a top  the  mechanism t o  measure the  noise  f ie ld .  A s i m i -  
l a r  microphone system was a t t a c h e d  t o  a s ta t ionary pole  and placed a t  a distance of 
9.2 m from the source t o  in su re  tha t  t he  t r ave r s ing  microphone was i n  t h e  a c o u s t i c  
f a r   f i e l d  of the source.  
Tests a t  a constant source frequency of 4 kHz w e r e  made for  several  source 
s t rengths .  The data were h igh -pass  f i l t e r ed  a t  500 H z  and processed on-line t o  
produce direct ivi ty  pat terns .  
Anechoic Flow Test 
The e f f e c t  of simulated forward speed on the acoust ic  source was s t u d i e d  i n  t h e  
Langley Aircraft Noise Reduction Laboratory. Figure 3 presents  a photograph of the  
source mounted a t  a height of 1.52 m above the  ex i t  p l ane  of a 1.22-m-diameter 
L-80-569 
Figure 3.- Anechoic-flow-facility test. 
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v e r t i c a l  j e t  in  the anechoic  chamber of the laboratory.  The j e t  w a s  run over a speed 
range of 0 t o  35 m/s .  The input voltage t o  the  dr iver  w a s  kept constant over the 
speed range, and the. internal source noise level was recorded to note any changes. 
No radiat ion pat tern data  are  presented however, due t o  the severe amplitude 
modulation of the pure tone (see re f .  6 ) .  me modulation, which is  believed t o  be 
due t o  propagation of the signal through the j e t ' s  turbulen t  shear  layer ,  resu l ted  in  
direction scattering, spectral  broadening, and a decrease in sound-pressure level 
thereby destroying the basic  direct ivi ty  of the source. 
F l igh t  Test 
Test a i r c ra f t . -  For the  f l i gh t  po r t ion  of t h e  t es t  program, conducted over a 
three-day period, the acoustic source w a s  mounted underneath the starboard wing of 
the twin engine OV-1B aircraft .  Photographs of the  OV-1B with the source in  place 
are shown i n  f i g u r e  4. The source w a s  mounted  on a pylon and attached to a bracket 
( f ig .  4(b))  that  normally holds  an external  fuel  tank for  the aircraf t .  In t h i s  
posi t ion the source was  48 cm i n  back of ( f i g .  4 ( c ) )  and 64 cm t o  t h e  s i d e  of t he  
r ight  engine propel ler  t ip .  Fl ight  tests were conducted both with and without the 
r ight  engine operat ing to  determine if the rotating prop influenced the radiated 
noise  f ie ld .  
L-8 1-20 3 
( a )  F d l  view  of OV-1B a i r c r a f t .  
Figure 4. - Acoustic source mounted on OV-1B a i r c r a f t .  
5 
(b) Close-up f ron ta l  view of acoustic source. 
( c )  Close-up s ide  view  of acoustic source- 
Figure 4.- Concluded. 
6 
Test  parameters  included  a  constant  source  frequency  of 4 kHz, a  source 
amplitude  of 140 dB in  the  horn,  aircraft  speeds  between 50 m/s  and 80 m/s,  an 
aircraft  altitude  of  approximately 91 m,  and  a  constant  power  setting of the  left 
OV-1B turboprop.  Once  the  test  parameters  were  selected  for  a  given  flyover,  the 
pilot  would  use  the  rudder  and  ailerons  to  trim  the  aircraft so that  the  constant 
conditions  could  be  maintained. 
Procedure.-  Figure 5 presents  an  aerial  photograph of the  test  area  at  Wallops 
Flight  Center.  Typically,  a  flight  consisted of multiple  flyovers  past  an  array of 
microphones  located on the  runway.  The  aircraft  was  tracked  continuously  by  a  laser 
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radar.  An onboard altimeter and airspeed indicator,  as w e l l  as visual observation of 
t he  runway center l ine ,  were used t o  obtain the desired tes t  conditions. Real-time 
X - Y - Z  a i r c r a f t  p o s i t i o n s  and ground speeds (as w e l l  as a te lev is ion  view of t h e  
approaching aircraf t )  were d isp layed  in  the  cont ro l  tower. Figure 6 is  a te lephoto 
view showing t h e  a i r c r a f t  i n  f l i g h t  o v e r  t h e  microphone ar ray  wi th  the  r igh t  engine  
i n  a shutdown mode. 
Figure 6.- Telephoto view of a i r c ra f t  i n  f l i gh t  w i th  r igh t  t u rboprop  shu t  down. 
Tracking system.- The aircraf t  t racking system used to  determine vehicle  posi-  
t ion consis ted of a laser  in  conjunct ion with a FPS-16 radar. The system focused 
on a l a s e r  r e f l e c t o r  l o c a t e d  i n  a f a i r i n g  d i r e c t l y  under the nose of t h e  a i r c r a f t  
(v i s ib l e  in  f ig .  4 (a ) ) .  T rack ing  system accuracy is  estimated t o  be f0.15 m in  range  
and fO.l mrad i n  angle. Each day the tracking system was ca l ibra ted  wi th  respec t  to  
t h e  f i r s t  microphone of the  9.1 m pole array.  
Acoustic system.- A s  mentioned previously, microphones were placed on the  runway 
t o  record the flyover noise.  These were condenser-type  pressure  microphones  (1.27 c m  
i n  d i ame te r )  f i t t ed  wi th  gr id  caps and wind screens and positioned 4.6 m from the  
runway center l ine.  They were or iented such that  as  the airplane f lew down the runway 
centerline,  the source passed directly over the microphones which measured a grazing 
incidence  signal.  Figure 7 shows the  placement  of  the  microphones. The primary 
system used t o  record the flyover noise containing the source tone was the array of  
microphones mounted 9.1 m above the  ground. There were 10 of these,  each separated 
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Figure 7.- Diagram  of  microphone  placement  for  flight-noise  measurement. 
by 9.1 m. Figure 8 presents  a  photograph  showing  the  microphone  setup.  Each 
microphone  signal  was  amplified,  high-pass  filtered  at 500 Hz,  and  recorded  on a 
14-channel  wide-band  analog  FM  tape  recorder. 
To document  the  system's  linearity,  sensitivity,  distortion,  and  noise  floor, 
each  acoustic  instrumentation  system  was  laboratory  calibrated  prior to going  into 
the  field. The laboratory  calibrations  were  used to  insure  that  the  equipment 
operated  within  the  manufacturer's  specifications. A pistonphone  was  used  in  the 
field  each  day  for  sound-level  calibration. 
Microphone  and  radar  data  were  correlated  by  means  of  a  synchronized IRIG A 
time-code  signal  which  was  recorded  on  each  of  the  data-acquisition  systems.  The 
averaging  technique  (ref. 7) as  described  in  the  appendix. 
-.number  of  microphones  used to obtain  the  data  was  required  as  input to  the  ensemble 
Meteorological  system.- A small,  tethered,  blimp-shaped  balloon,  with  a 4.3 m 
helium-filled  volume,  was  used  to  lift  instrumentation  which  provided  meteorolog- 
ical  data  before  and  during  the  flight  tests. A photograph  of  the  balloon  and  the 
weather-measurement  system is  shown  in  figure 9. The  system  includes  airborne 
weather-measurement  instrumentation  and  a  ground  station  comprised  of  a  telemetry 
receiving  antenna,  a  microcomputer,  and  a  cassette  recorder.  The  instrumentation 
measured  barometric  pressure,  wind  direction,  wind  speed,  temperature,  and  relative 
humidity  from  ground  level to  an  altitude  of  100 m. 
3 
Results  from  the  meteorological  profiles  were  employed  in  the  data  reduction for 
post-flight  analysis  and  are  described  in  the  appendix. 
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Figure 8.- Array of microphones for  f lyover  noise  measurements. 
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Figure 9.- Weather-measurement system. 
DATA RESULTS AND  DISCUSSION 
Outdoor  Anechoic  Test 
Figure 10 shows the  results  of  the  first  phase  of  the  experiment.  This  phase, 
conducted  outdoors,  measured the far-field  radiation  pattern  of the 4-kHz-source 
tone.  The  data, measured 4.6 m from the exit  plane  of  the  source,  are for angles 
from 20° to llOo which  represent the flight arc. During  each  radiation-pattern 
measurement, the  source  sound-pressure  level  remained constant. Radiation  patterns 
were  obtained  for three source levels. These  data  were  obtained to determine  source 
radiation-pattern  shape  repeatability  and to verify  that  source-level  increases of 
6 dB resulted  in  far-field  level  increases  of 6 dB. A  smooth  curve  was  faired 
through the measured  data  of  figure 10. The curves,  plotted on a  large  scale, 
indicate  that the  shape  was  constant ( f l  dB about the smooth  curve)  for  different 
source  strengths,  and  that he radiation-pattern  levels  generally  increased 6 dB as 
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Figure 10.- Measured s t a t i c  f a r - f i e l d  r a d i a t i o n  p a t t e r n  a t  t h e  
outdoor  anechoic test area.  R = 4.6 m. 
F igu re  l l ( a )  shows the  sound pressure  leve ls  of the source frequency and i ts  
harmonic a s  measured i n  t h e  c y l i n d r i c a l  tube a t t ached  to  the  acous t i c  d r ive r .  These 
l e v e l s  a r e  f o r  t h e  maximum voltage input t o  the source.  The data  were measured by 
the source monitoring microphone and indicate a sound-pressure level of 140 dB a t  
the  input  fundamental  frequency  of 4 kHz. The harmonic is  25 dB below t h i s .  Fig- 
ure l l ( b )  shows for comparison, the amplitudes of this signal and the harmonic 
measured by the  4.6-m far - f ie ld  t ravers ing  microphone loca ted  on the longi tudinal  
ax i s  of the source ( (3 = Oo) . This f i g u r e  i n d i c a t e s  t h a t  t h e  harmonic is  a l s o  25 dB 
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( a )  Measured i n  c y l i n d r i c a l  tube of acoust ic  dr iver .  
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( b )  Measured i n  f a r   f i e ld .  8 = Oo; R = 4.6 m. 
Figure 11.- Narrow-band ( 5 0  Hz) harmonic content of 
t h e  &kHz pure-tone acoustic source. 
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Anechoic Flow Test 
The next phase of the experiment was t o  place the acoust ic  source in  an airflow. 
The Langley Ai rc ra f t  Noise Reduction Laboratory has the capability of permitting 
acoust ic  measurements i n  an anechoic environment with airflow moving past the  noise  
source. 
This phase w a s  conducted in  o rde r  t o  determine 
source changed significantly with airflow over it. 
a maximum speed of only one-half the desired f l i g h t  
ind ica te  any t rend  a i rc raf t  speed  might have on the  
sen ted  in  f igu re  12 i n d i c a t e  t h a t  as the  a i r  speeds 
cond i t ions  to  35 m/s  t h e  measured horn-throat sound 
indica ted  tha t  the  source  impedance did not  change. 
i f  t h e  a c o u s t i c  impedance of t h e  
Although the  f ac i l i t y  cou ld  r each  
speeds,  these data should 
source  levels .  The data  pre- 
were increased from no-flow 
levels  did  not  change. This 
4 kHz 
L 
I 1 1 I I 
0 10 20 30 40 
Flow speed, m/s 
Figure 12.- Effect  of flow on sound-pressure level of 
source microphone. 
F l igh t  Test 
The las t  phase of the experiment consisted of measuring the far-field acoustic 
l e v e l s  of the source as  it was flown over the primary microphone array. These 
measurements were obtained so tha t  t he  f l i gh t  r ad ia t ion  pa t t e rn  of t he  4-kHz tone 
could be converted t o  a s t a t i c  c a s e  and compared t o  the  measured s ta t ic  rad ia t ion  
pat tern.  As mentioned  previously,   the  f l ight-to-static  conversion  required  several  
o ther  measurements. These included the a i r c r a f t  p o s i t i o n  a n d  s p e e d  r e l a t i v e  t o  t h e  
microphone array,  the source microphone  so’und-pressure leve ls  dur ing  f l igh t ,  and the  
weather data (in 10 m increments from  ground l e v e l  t o  f l i g h t  a l t i t u d e ) .  These 
measurements were recorded on analog or digital  magnetic tape and l a t e r  reduced and 
analyzed. The d e t a i l s  of the data reduction are found in the appendix,  with results 
presented in  f igures  13 t o  19. 
Figure 13 compares the  r e su l t s  of the source-input and source-output voltage 
leve ls  measured s t a t i c a l l y  and i n  f l i g h t .  The source level  w a s  140 dB and t h e  f l i g h t  
speed w a s  approximately 70 m/s.  The a i r c r a f t  w a s  i n  l e v e l  f l i g h t  a t  an  a l t i t ude  of 
9 1  m. The data show the magnitude  of t he  sou rce  l eve l s  i n  f l i gh t  t o  be the same a s  
those measured s t a t i c a l l y  on the  ground. This  re inforces  the resul ts  obtained in  the 
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Figure 13.- Comparison  of  source-input  and  source-output  voltage  levels  measured 
statically  and  in  flight  at  source  microphone  level of 140 dB. 
The  weather  balloon  was  flown  before  and  during  the  acoustic  data  flights. As 
discussed  earlier,  the  balloon  carried  instrumentation  which  measured  the  tem- 
perature,  pressure,  relative  humidity,  wind  speed,  and  wind  direction.  These  were 
measured  in  increments  of 10 m from  the  ground to an  altitude  of 100 m. These 
measurements  were  obtained  in  order to  compute  the  effects  of  atmospheric  absorp- 
tion.  The  weather  data  were  studied  during  acquisition to insure  that  no  tempera- 
ture  or  relative  humidity  inversions  existed  and  that  wind  speeds  were  less  than 
5 m/s  (10 knots).  Figure 14 presents  the  weather  profiles  obtained  during  the  three- 
day  test  period.  The  data  indicate  that  very  good  weather  prevailed  for  the  tests, 
with  the  temperatures,  relative  humidity,  and  wind  speeds  showing  little  change  as  a 
function  of  altitude. 
Some  typical  results  of  the  noise  measured  at  the  9.1-m  pole-mounted  microphones 
during  a  flyover  of  the  source  are  presented  in  figure 15. This  figure  shows  narrow 
band (97 Hz) spectra  measured  for  the  source  in  level  flight,  at  an  altitude  of 
approximately 91 m, and  for  angular  positions  of 40°, 60°, BOo, looo, and llOo 
relative to the  microphone  array.  The  data  have  been  ensemble  averaged  over  the 
microphone  array  by the  technique  described  in  the  appendix.  The  flight  speed  over 
the  array  was  about 50 m/s .  The  data,  corrected  only for instrumentation  effects 
(see  appendix)  also  show  the  background  noise  of  the  flight  environment.  This 
background  noise  represents  the OV-1B spectra  with  the  acoustic  source  turned  off. 
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Figure 15.- Narrow-band (97 Hz) flyover noise measurement of source for 
different emission angles. 
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Several  interest ing observat ions of the  da ta  may be made. First, there  is a 
good s igna l  t o  background noise ra t io  (about 10 aB) f o r  t h e  4 kHz tone. The tone 
also clear ly  exhibi ts  the expected Doppler  f requency shif t  as the source passes over 
the microphone array.  The s h i f t  moves from about 4500 Hz a t  40° t o  about 3800 Hz 
a t  llOo. Another  observation is that  the received tone appears spread over several  
frequency bands. This is due t o  the motion of the  source  and  the  f in i te  t i m e  
required to  analyze the s ignal .  
There is a high degree of , s ta t i s t ica l  conf idence  in  the  magni tudes  of the  da ta  
i n  f i g u r e s  15 t o  19. A l l  of the acoust ic  data  were ensemble  averaged  over 8 micro- 
phones, which produced a chi-squared 90-percent confidence interval from 1.0 dB t o  
-1 .2 dB. 
The data of f igu re  15 r e p r e s e n t  t h e  f i r s t  step i n  t h e  process of obtaining a 
f l i gh t  r ad ia t ion  pa t t e rn .  As discussed earlier, the  purpose of this experiment w a s  
t o  measure a f l igh t  rad ia t ion  pa t te rn ,  conver t  it t o  a s t a t i c  c a s e ,  and compare t h i s  
t o  t h e  measured s t a t i c  r a d i a t i o n  p a t t e r n .  The conversion process, discussed in the 
appendix, consisted of applying numerous co r rec t ions  to  the  narrow-band spectra. 
These correct ions removed the  e f f ec t s  of instrumentation (ref.  8), background noise  
(ref.  91,  inverse  square l a w  ( r e f .  l o ) ,  atmospheric  absorption  (corrected t o  a 
lossless  condi t ion,  ref .  11 ) , convective amplification (ref.  1 0 )  , and ground imped- 
ance  (ref.  1 2 ) .  A Doppler cor rec t ion   ( re f .  1 0 )  w a s  appl ied   to   the   f requency   to  
account for frequency shifts due t o  f l i g h t .  A f t e r  t he  f l i gh t  spec t r a  w e r e  corrected,  
t he  4 kHz sound-pressure levels were p lo t t ed  to  ob ta in  the  f l i gh t - to - s t a t i c  r ad ia t ion  
pat terns .  
Figure 16 shows the cumulative effects of applying each of these  cor rec t ions  to  
convert from the  f l i gh t  t o  the  s t a t i c  r ad ia t ion  case .  Data are  presented  every 
so from 20° t o  1 loo. It can be seen  tha t  the  la rges t  cor rec t ions  a re  due t o  
Cumulative results  
f l i g h t +  A (measured data including 
instrumentation and background 
noise  correct ion) .  
8 ( A  + spherical  spreading). 
C ( B  t atmospheric  absorption). 
0 (C f convective  amplification) 
f l i g h t - t o - s t a t i c  E (0 t ground impedance). 
30 
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Radiation  angle, Be 
Figure 16.- Comparison of f l i gh t - to - s t a t i c  
correction values.  
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spherical  spreading  (the  data  were  corrected  back  to  the  static  distance  of 4.6 m), 
with  the  next  largest  due  to  the  atmospheric  absorption.  Both  of  these  are  directly 
related  to  the  propagation  path  length.  The  smallest  corrections  (totaling  about 
0.5 dB) are  due to the  instrumentation  and  the  background  noise. 
The  two  corrections  about  which  the  least  may be understood  are  the  effects  due 
to  the  convective  amplification  (ref.  13)  and  ground  impedance  (ref.  12).  The  cor- 
rection  model  chosen  to  represent  the  convective  amplification  assumes  the  textbook 
case  of  a  monopole  source  in  motion  (ref.  10).  The  ground  impedance  correction  was 
modeled  assuming a perfectly  hard  reflecting  surface. 
Data  analysis  showed  that  the  tone  energy  received  at  the  microphones  appeared 
to  be  spread  evenly  over  two  contiguous  bands  of  analysis. In  order  to  account  for 
this  and  arrive  at  a  representative  level  of  the  source  tone,  it  was  decided  to  add 
the  mean-square  pressures  in  the  band  containing  the  &kHz  tone  with  those  levels  in 
the  adjacent  band  (depending  on  aircraft  angular  location).  This  has  the  same  effect 
as  performing  a  narrow-band  analysis  of  about 200 Hz. A further  discussion  of  this 
procedure  appears  in  the  appendix. 
Figure 17 shows  the  results  of  converting  one  set  of  the  radiation  data  measured 
in  the  flight  experiment  to  the  equivalent  static  radiation  case  and  comparing  it  to 
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Figure 17.- Comparison  of  &kHz  radiation  pattern of flight-to-static 
results  and  static  results. 
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The f l i g h t  d a t a  r e p r e s e n t  l e v e l  f l i g h t  a t  91 m a t  a speed of about 50 m/s .  It can  be 
seen that over the angular range of 20° t o  l l O o ,  t he  f l igh t - to-s ta t ic  case  comes 
within f3 dB of t h e  s t a t i c  d a t a .  The bes t  agreement  between the curves is  between 
40° t o  looo.  These r e su l t s  i nd ica t e  tha t  t he  measurement  and analytical procedures 
a re  va l id .  
A t o t a l  of fou r  s e t s  of f l i gh t  da t a  were obtained. Three sets of data were 
obta ined  for  the  a i rc raf t  f ly ing  i n  l e v e l  f l i g h t  (91 m a l t i t u d e )  a t  speeds of about 
5 0 ,  70, and 80 m/s.  I n  each case the right engine was shut down and the  f l aps  and 
gear were re t rac ted .  The fou r th  se t  of data was obta ined  for  leve l  f l igh t  a t  91 m 
a l t i t u d e  and  a  speed  of  about 55 m/s .  I n  th i s  case ,  the  r igh t  engine  was a t  t h e  same 
opera t iona l  se t t ing  as  the  le f t  engine .  The landing gear was  down and the  f l aps  
were extended 15O. 
The purpose of t h e  f i r s t  t h r e e  sets of f l i g h t  d a t a  was t o  determine i f  t he re  
were any speed e f f e c t s  on the  radiation  pattern.   Figure 18  shows these  resul ts .  Two 
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Figure 18.-  Comparison of f l i gh t - to - s t a t i c  r ad ia t ion  pa t t e rns  
for  three f l ight  speeds.  
radiation pattern did not change s igni f icant ly  for  the  three  f l igh t  speeds .  The 
other observation is  tha t  t he re  seems t o  be no t rend toward reduced acoustic levels 
w i t h  increasing  f l ight  speed. I n  general ,   for  the  three  f l ight  speeds,   the  levels of 
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t he  r ad ia t ion  pa t t e rns  were repeatable within f3 a. The larges t  var ia t ion  tends  t o  
occur a t  the shallow angles of propagation with the least var ia t ion occurr ing when 
the source w a s  c l o s e s t  t o  t h e  microphones ( ee = goo). These data appear t o  f a l l  
within the range of experimental  error and suggest good r e p e a t a b i l i t y  of t he  
rad ia t ion  pa t te rn .  
The purpose of the fourth set of data w a s  t o  determine i f  t h e r e  were any e f f e c t s  
on the source due to  the  opera t ion  of  the  r igh t  engine  on t h e  aircraft. The test  w a s  
conducted under conditions that are expected t o  a p p l y  t o  a fu tu re  f l i gh t - e f f ec t s  
program. Figure 19 compares the  f l i gh t - to - s t a t i c  da t a  of f igu re  17 (f l ight  speed of  
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Figure 19.- Comparison  of f l i gh t - to - s t a t i c  r ad ia t ion  pa t t e rn  
for  r ight  engine off  and on. 
maintain a constant  f l ight  speed of about 55 m / s  a t  an  a l t i tude  of  91 m, the landing 
gear w a s  extended  and  the  flaps were set t o  15O.  The s igna l - to -no i se  r a t io s  fo r  t h i s  
f l i gh t   ca se  were not   as   high  as   the  previously  discussed  f l ights .  A t  8 values 
less than 50°, t h e  a i r c r a f t  background noise masked the source noise and the  4-kHz 
tone w a s  not  observed. The sound-pressure  levels a t  values  of 8 greater   than 50° 
were generally between 3 dB and 6 dB above the  a i rc raf t  no ise  wi th  the  s igna l - to-  
no ise  ra t io  increas ing  as 8 increased (i.e., as the  propagation  path t o  t h e  
microphone  decreased).  These  signal-to-noise  ratios were less than  des i rab le  for  the  
experiment. From 50° t o  about 70°, the  data  from th i s  f l i gh t  ca se  appea r  somevhat 
lower than the data taken with the right engine off. From 70° t o  1 loo,  the data  are  
compatible with those taken with the right engine off. The high background noise a t  
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shallow  angles  less  than 50° and  the  low  source  sound-pressure  levels  from SO0 to 70° 
are  believed to be due to the  operating  right  engine  and  scattering  of  the  source 
noise  by  the  rotating  propeller  of  this  engine. 
CONCLUDING REMARKS 
A  pure-tone  acoustic  source (4  kHz) was  flown at  a-constant  altitude  and  under 
different  aircraft  operating  conditions  over  a  linear  array  of  microphones.  The 
flyover  noise-radiation  patterns  were  determined  and  compared  to  the  measured  static 
radiation  pattern  of  the  source.  This  was  accomplished  by  first  establishing  a 
flyover-noise  data-reduction  system  which  merged  large  quantities  of  accurate  laser- 
radar  tracking  data  with  acoustic  and  weather  data.  The  nonstationary  acoustic 
flight  data  were  reduced to  a  representation  of  stationary  data  by  short  integration 
times  in  the  fast  Fourier  transform  and  ensemble  averaging  over  eight  microphones. 
These  techniques  produced  narrow-band  spectra  with  a  chi-squared  90-percent  confi- 
dence  interval  of  about &l dB. 
The  flyover-averaged  acoustic  spectral  data  were  adjusted  to  the  static  case  by 
correcting  for  the  effects  of  instrumentation,  background  noise,  inverse  square  law, 
atmospheric  absorption,  convective  amplification,  ground  impedance,  and  Doppler  fre- 
quency  shift.  The  corrected  sound-pressure  levels  of  the  source  tone  in  the  spectra 
were  then  plotted  as  a  function  of  angle  to  produce  the  flight-to-static  radiation 
pattern.  Results  showed  excellent  agreement  over  the  angular  range  from 20° to 11  Oo. 
The  patterns  agreed  to  within f3 dB over  the  angular  range. 
The  4-kHz-tone  radiation  pattern  seemed  not  to  be  a  function  of  flight  speed 
over  the  range  of 50 to 80 m/s  and  there  seemed  to  be  no  installation  effects  while 
the  right  engine  was  shut  down.  When  the  right  engine  was  operating,  the  radiation- 
pattern  sound  levels  were  adversely  influenced,  especially  at  shallow  radiation 
angles. 
I 
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APPENDIX 
FLIGHT-TO-STATIC  DATA  REDUCTION  TECHNIQUE 
The  components  of  the  data  acquisition  and  reduction  package  are  indicated  in 
table I. Listed  are  the  data-acquisition  systems,  their  source  formats,  measured 
parameters,  and  the  preliminary  results.  These  preliminary  results  were  merged  into 
a  large  computer  data  file.  This  data  file  was  then  corrected as required  and 
analyzed  for  trends  in  the  source  spectra  and  radiation  pattern. 
Radar  System 
The  radar  system  uses  an FPS-16 radar  in  conjunction  with  a  laser.  The F'PS-16 
initially  acquires  the  aircraft  in  flight,  then  accurately (f0.15 m)  locates it 
through  the  use  of  a  laser  which  tracks  a  reflecting  laser  cube  located  on,  the  nose 
of  the  aircraft. A digital  magnetic  tape  is  used  to  store  the  raw  aircraft-position 
time  histories  relative  to  the  microphone  array.  Since  these  data  are  for  the  laser 
cube,  and  the  noise  source  is  located  on  the  right  wing,  the  data  are  converted  by  a 
linear  transformation of Cartesian  coordinates  to  represent  the  source  position, 
speed,  and  time  of  emission  relative  to  the  microphone  array.  These  data  are  then 
merged  with  the  acoustic  and  weather  information. 
Acoustic  System 
The acoustic  data  system  consisted  of  the  microphone  layout  discussed  earlier 
(fig. 8). This  system  consisted  of  an  analog  magnetic  tape  recorder  which  recorded 
the  source-noise  time  histories.  For  the  purpose  of  this  experiment, 10 acoustic 
data  channels  were  used.  After  the  analog  acoustic  data  were  obtained,  these 10 data 
channels  were  digitized  using  a  sample  rate  of 50 000 points  per  second. 
Time  Shifting 
The data  for  microphones 2 to  10  were  then  time  shifted so that  spectra  could  be 
related  to  the  source  position  '(Re,Oe)  and  emission  time  t  relative to micro- 
phone 1. This  was  accomplished  in  the  following  manner.  Flgure 20 schematically 
represents  the  aircraft  flyover  of  a  microphone  array.  For  any  given  source  location 
(R ,ee) at  a  moment  in  time  relative  to  microphone  one,  each  noise  data  channel  is 
related  to  the  first  microphone  signal  by  a  time Tm where 
9 
e 
= -  nd 
m v  
where 
n = 2,  3, . . . , 10 for  the  2nd,  3rd, . . . , 10th  microphone 
d = 9.1 m  (30  ft)  spacing  between  microphones 
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Figure 20.- Aircraf t  f lyover  of a multiple microphone 
l inear  array.  
Thus, by shif t ing  the  noise   data   channels  2 t o  10 by an amount of  time T for  each 
channel,   the  noise  emission  t ime  and  posit ion  location  described by 8 and Re, 
r e l a t i v e  t o  microphone 1, a r e  d i r e c t l y  r e l a t e d  t o  a l l  t h e  a c o u s t i c  d a t a  c h a n n e l s .  
m 
e 
Once the times for  microphones 2 t o  10 were sh i f ted ,  it w a s  then necessary t o  
merge  them with  the  source  emission  times from the radar data fi le.  This permitted 
the received acoustic signal t o  be identified with the source location. This w a s  
accomplished by recognizing that the t ime required for the source noise to travel 
the  propagation  path Re (obtained from radar  da ta )  to  the  microphone is  given 
by 7 where c is  the  speed of  sound  along  the  path. The noise  signal  received 
on the analog tapes a t  t he  moment in  t ime tr is related to  the source emission 
t i m e  te by the  xpression 
Re 
R 
te - tr - c e - 
The speed of sound was calculated using the expression 
c = 331.6 ( : y 2  - 
where 
T = 273.15 + t 
APPENDIX 
t = Mean  temperature  measured  by  weather  system in centigrade  degrees  from 
ground  to  aircraft  altitude 
T~ = 293.15 K (ref. 11) 
After  the  time  shifting  and  source  emission  time  and  location  procedures  were 
performed,  the  data  were  then  operated on by  a  fast  Fourier  transform  (FFT)  process 
to produce  narrow  band (97 Hz) spectra  for  each  of  the  acoustic  data  channels.  These 
preliminary  results  are  indicated  in  the  last  column  of  table I. These  spectra  were 
then  ensemble  averaged  to  improve  the  statistical  accuracy  of  the  sound-pressure 
levels. 
Ensemble  Averaging 
In  order  to  obtain  a  high  resolution  of  the  source  location as  t flew  over the 
microphone  array,  time  increments  of 0.01 s were  used  in  the  FFT  process  to  obtain 
acoustic  spectra.  Thus,  it  was  possible  to  accurately  indicate  where  the  air- 
craft  was  for  an  associated  spectrum.  Another  benefit  of  using  a  short  integration 
time  was to try  and  reduce  the  energy  smearing  across frequency,bands of  the  received 
noise  signal  which  occurs  due to  the  motion  of  the  aircraft.  A  major  drawback  of 
these  short  integration  times  is  a  poor  estimate of  the  pressure  level.  In  order to 
maintain  the  position  resolution  in  this  experiment  and  obtain  high  statistical  con- 
fidence  levels  of  the  measured  sound  levels,  the  technique of  time-segment  and 
ensemble  averaging  discussed  by  Bendat  and  Piersol  (ref. 7) was  employed. 
Table I1 shows  the  chi-squared  90-percent  confidence  values  for  the  degrees of 
freedom  associated  with  the  integration  times ( 0 . 0 1  s and  averaged  over 5 time 
segments)  and  number of microphones  used  in  this  experiment.  A  level  of  approxi- 
mately f l  dB was  desired. As shown,  this  could  be  obtained  by  averaging  over 8 to 
10 microphones.  Throughout  the  experiment  there  were  always  eight  microphones  which 
functioned  well,  thus  it  was  decided  to  perform  the  averages  over  eight  microphones 
for  a  90-percent  confidence  level  from 1 dB to -1.2 dB. 
Once  the  acoustic  data  were  averaged  and  related  to  the  source  location (8 Re 1 I 
the  acoustic  spectra  were  obtained  over  the  range 20° < 8 G 1 loo. These  data  were 
then  corrected  for  ,instrumentation  and  propagation  effects. e 
Weather  System 
In  order  to  correct  the  acoustic  data  for  the  affects  of  the  atmosphere,"the 
weather  data  system  (fig. 9) indicated  in  table I was  used.  This  system  consisted of 
a  large  balloon  flown on a  tether.  Suspended  beneath  the  balloon  was  an  instrumen- 
tation  package  which  measured  the  atmospheric  pressure,  temperature,  wind  speed,  wind 
direction,  and  relative  humidity.  Each  data  point  was  sampled  every 10 m from  the 
ground  to 100 m  and  telemetered  to  the  ground.  The  data  were  recorded on a  digital 
cassette  recorder  as  the  balloon  ascended  to  the  flight  altitude.  After  the  flights, 
the  tapes  were  removed  from  the  digital  cassettes  and  altitude  profiles  indicated in 
the  last  column of table I were  obtained.  These  weather  data  were  then  placed  in  a 
large  computer  data  file so that  the  weather  corrections,  along  with  other  correc- 




Both instrumentation and propagation corrections were app l i ed  to  the  ensemble- 
averaged  acoustic  spectra.  These  corrections  are  indicated i n  f igure  21. 
I n s t r u m e n t a t i o n  P ropaqa ti on p a t h  
1. M i  crophone response 1. I n v e r s e   s q u a r e  law 
2. M i c r o p h o n e  d i f f r a c t i o n  e f f e c t s  2. A tmospher i c   abso rp t i on  
3. W i n d s c r e e n   i n s e r t i o n  loss 3. C o n v e c t i v e   a m p l i f i c a t i o n  
4. System  response 4. Ground  impedance 
5. D o p p l e r   f r e q u e n c y   s h i f t s  
6. Background  no ise  
Figure 21.- Corrections applied to measured acous t i c  f l i gh t  da t a .  
The f irst  s e t  of cor rec t ions  appl ied  to  the  spec t ra l  da ta  were those associ-  
ated with the instrumentation. Table I11 lists the values used for the microphone 
response,   d i f f ract ion,  and windscreen e f f e c t s .  These values were obtained from 
laboratory cal ibrat ions,  manufacturers  l i terature ,  and  from  a laboratory study 
( r e f .  8) .  System-response corrections are not l isted as they were 0 dB from 1 kHz 
t o  10 kHz. 
The second s e t  of cor rec t ions  were associated w i t h  the propagation path. Stan- 
dard methods were followed i n  applying the corrections for the background noise  
( r e f .  9), inverse  square law ( r e f .  101, Doppler  frequency s h i f t  ( r e f .  111, and atmo- 
spher ic   absorp t ion   (cor rec ted   to   loss less   condi t ions ,   re f .  1 1 ) .  The atmospheric 
absorption was computed by dividing the atmosphere into ten layers,  each with i t s  own 
s e t  of weather  data. The absorption coefficient for each layer was computed and 
app l i ed  to  the  s igna l  a s  it traversed the propagation path. 
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The  complexity  of  modeling  the  convective  amplification  has  been  presented  by 
Dowling  (ref. 13) .  In  the  absence  of  a  generally  accepted  method,  the  textbook  rela- 
tionship  (ref. 10) for  a  monopole  source  in  motion  was  used  such  that 
pm - ps ( 1  - M COS - 
where 
pm  is  the  sound  pressure  measured by the  microphone 
ps  is  the  sound  pressure  of  the  source 
M is  the  Mach  number 
8 is  the  propagation  path  angle e 
The  procedure  used  to  correct  for  the  reflected  energy  from  the  ground  was  that 
for  narrow-band  analysis  of  random  noise  established  by  reference 12. Because  the 
source,  mixed  with  flight  noise,  was  in  motion  and  propagated  through  the  atmosphere, 
the  measured  signal  was  treated  as  being  random.  The  ground  was  assumed to be  per- 
fectly  reflecting,  which  resulted  in  a 3 dB correction  for  the  narrow-band  spectrum 
of  the  received  signal.  It  is  expected  that  if  impedance  models  other  than  a  per- 
fectly  reflecting  surface  were  chosen,  the  impedance  correction  values  would  fall 
between  about 1.5 dB and 2.5 dB (refs. 14,  15, and 1 6 ) .  
An example  of  a  data  listing  showing  the  format  of  the  required  corrections  and 
flight  information is  seen  in  table  IV. 
In  addition to  this  ground-impedance  correction, an analysis  of  the  flyover  data 
indicated  that  the  spectra  seemed  to  peak  in  both  the  band  containing  the 4 kHz  tone 
and  an  adjacent  band  depending  on  aircraft  location.  This  is  due  to  the  motion  of 
the  source  and  the  time  required  to  analyze  the  energy  received at  the  microphone. 
This  spreading  of  the  energy  may  be  explained  by  considering  figure 21 and  the 
Doppler  shift  equation 
where  fr  is  the  received  frequency.  The  energy  from  the  source  frequency 
travels  two  paths  (direct  and  reflected) to reach  the  microphone.  The  direct  path 
is indicated  by  a  value  of 8 and  the  reflected  path  by 8 . During  the  analysis 
time,  energy  from  these  two  paths  arrive  at  the  microphone  and  are  averaged. An 
additional  correction  was  performed  to  account  for  this  smearing  effect  by  summing 
the  energy  in  the  two  bands  which  contained  the  peak  sound-pressure  levels.  This 
had  the  effect of increasing  the  analysis  bandwidth  to 194 Hz for  the 4 kHz  tone, 
and  was  thought  to  better  represent  the  source  strength. 
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speed of sound 
average  speed  of  sound 
speed  of  sound  for  ground  impedance  measurements 
separation  distance  between  microphones 
frequency 
frequency  received  at  microphone 
source  frequency 
microphone  height  above  ground 
source  height  above  ground 
Mach  number 
sound  pressure  measured  by  microphone 
source  sound  pressure 
noise  propagation  path  length 
noise  propagation  path  length  at  emission  time 
relative  humidity 
. 




noise  emission  time 
noise  reception  time 
aircraft  speed 
wind  speed 
Cartesian  coordinates 








noise radiation angle at emission t i m e  
source radiation angle associated with reflection path 








TABLE I.- DATA SYSTEMS  USED TO OBTAIN CORRECTED FLYOVER NOISE-REDUCTION PATTERNS 
Source  format 
Digi ta l  magnetic tape 
Analog magnetic tape 
Digi ta l  casset te  tape 
Raw parameter 
mn ident i f icat ion t ime - 
position coordinates 
Noise t i m e  h i s to r i e s  
Pressure,  temperature, 
wind speed and 
d i rec t ion ,  re la t ive  




Time shif ted spectra  
Alt i tude prof i les  
A1 t i  tude 
t RH WS 
TABLE 11.- CHI-SQUAF!ED 90-PERCENT  CONFIDENCE  LEVELS FOR NUMBER 
OF MICROPHONES USED I N  ENSEMBLED  AVERAGES 
S ta t i s t i ca l  deg ree  
of  freedom 
( 0 . 0 1  sec averaged 
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TABLE  1V.-  TYPICAL DATA L I S T I N G  AND CORRECTIONS  FOR  AIRCRAFT F'LYOVER N O I S E  
over 8 microphones and  5  time segments. te = 60  520 s; 
R, = 85.34  m; ee = 75O; v = 69.07  m/s; X = -24.65 m; 
Y = 7.22 m; 2 = 84.95 m; c = 337.99 m/s; c = 330.75 m/s; av9  9i 1 
-1 t M = 0.20 
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TABLE 1V.- Continued 
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TABLE 1V.- Concluded 
C O D E   F O R   C O i i R E C T I O N S  M A D E :  
C A = C O N V E C T I V E   A M P L I F I C A T I O N  
I C = I N S T R n J t l E N T 4 T I O N  
A A = A T M O S P H E R I C   A B S O R P T I O N  
I S = I N V E R S E   S Q U A R E   L A J  
O F = O O P P L E S   F R E O U E N C Y   S H I F T  
G I = G R O U N O   I R P E O I N C E  
























































D E L T A   S P L  























.loo0 . 2000 
.too0 
,2000 
O E L T 4  S P L  

























































D E L T A   S P L  




























D E L T A   S P L  

























































A V G   S P L t O B  




























1. Report  No. 3. Recipient's Catalog No. 2. Government  Accesrion No. 
NASA  TP- 1898 
4. Title and Subtitle 5. Report  Date 
October 198 1 
FLIGHT  TEST OF A  PURE-TONE  ACOUSTIC  SOURCE 6. Performing Organization Code 
505-32-03-04 
7.  Author(s1 8. Performing Orpnization Report No. 
Arnold. W. Mueller  and  John S .  Preisser L-14600 
10. Work Unit No. 
9. Performing Organization Name and Address 
NASA  Langley  Research  Center 
Hampton, VA 23665 
11. Contract  or  Grant No. 
I I I 
13. Type of Report  and  Period  Covered 
12.  Sponsoring  Agency  Name  and  Address Technical  Paper I 
National  Aeronautics  and  Space  Administration 
Washington,  DC  20546 I 14. Sponsoring  Agency  Code 
I J 
15. Supplementary  Notes 
16.  Abstract 
A unique  experiment  involving  static  and  flight  testing  of  a  pure-tone  acoustic 
source  has  been  conducted.  The  objectives  of  the  experiment  were (1) to  determine  if 
a  4-kHz  tone  radiated  by  a  source  in  flight  and  mixed  with  broadband  aircraft  flyover 
noise  could  be  measured  on  the  ground  with  a  high  degree of statistical  confidence, 
(2)  to  determine  how  well  a  comparison  could  be  made of a  flight-to-static  tone  radi- 
ation  pattern  and  a  static  radiation  patttern,  and ( 3 )  to  determine  if  there  were  any 
installation  effects  on  the  radiation  pattern  due  to  the  flight  vehicle.  Narrow-band 
acoustic  data  were  measured  and  averaged  over  eight  microphones  to  obtain  a  high 
statistical  confidence.  The  flight  data  were  adjusted  to  an  equivalent  static  con- 
dition  by  applying  corrections  for  retarded  time,  spherical  spreading,  atmospheric 
absorption,  ground  impedance,  instrumentation  constraints,  convective  amplification, 
and  the  Doppler  shift.  The  flight-to-static  results  are  in  excellent  agreement  with 
the  measured  static  data.  No  installation  effects  were  observed  on  the  radiation 
pattern. 
17. Key Words (Suggested by Author(s1 I 18.  Distribution Statement 
Sound  propagation 
Aircraft  f  lyover  noise 
Flight-to-static  noise  corrections 
Unclassified - Unlimited 
Subject  Category 7 1 
19. Security Classif. (of this report) 20. Security Classif. (of this page1 22. Price 21.  No  of Pages 
. - ~~ ". 
Unclassified A0 3 38 Unclassified . 
For sale by the National Technical Information Service, Springfield. Virginia 22161 
NASA-Lanoley. 1981 
National Aeronautics and 
Space Administration 
THIRD-CLASS BULK RATE Postage and Fees Paid 
National  Aeronautics and 




Penalty for Private Use, $300 
. . 
' . I  
I .  , .  




II : , ,  
- ,  . .  
~ 
If,Undeliverable (Section 158  
Postal Manual) Do Not Return 
. .  
.. . 
